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Important physical and mathematical basics: 


1-some unit's conversion: 


Factor | 10°? | 10-6 


10-3 


Prefix |nano | Micro 


Symbol | n 4u c K M G 
e Area 

cm 10" ; m? mm? _ 10- m? 
e Volume 

cm3 10-6 m3 mm3 10-9 m3 

cm? 10-3 Liter Liter 10: m3 


e Pythagoras theorem 


Inthe right angle triangle the square of hypotenuse is 
4 to the sum of oe, es of the other two sides 


| C2= At B2 A2+ B2 


. Opposite 
Sino = Proste _ 
Hypotenuse 


Tan 0 = Opposite 
adjacent 


‘ 


(C=VA2 + B? | (C=VA2 + B? | Be 


_ Adjacent 
— Hypotenuse ypotenuse 


Opposite 


Adjacent 


Unit One 


Chapter 1: Wave_motion 
Lesson 1: Oscillatory motion 


You have studied that motion can be classified into two types. : 


Translation motion 


Periodic motion 


Oscillatory motion: 


It is the motion of a vibrating body about its rest position or its 
equilibrium position that getsrepeated through equal intervals of time. 
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Compression Rarefaction 
Pendulum 
® u| iF 


pla mcrae Vibrating im G Vibrating string 
(Clock pendulum) tuning fork SUSP ee Violin strings 
spring ( yoyo) 


The diffrence between Displacement & Amplitude 


1) Displacement 2) Amplitude 


3) Complete oscillation 


When observing the motion of the pendulum bob.starting from point X 
ina certain direction until it returns back to the same point again 
moving in the same direction, so the pendulum has made a complete 
oscillation where its path of motion can be represented as follows: 


X—» Z 


y—_>X 


T Wa 26 
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Hence, the pendulum bob passes by point X two successive times in the 
same direction with the same velocity, i.e. (body has the same phase). 


If the motion of the body has beenobserved starting from: 


Point (Y) Point (Z) 
It makes one complete oscillation at the instant of passing again through 
Point (Y) Point (Z) 


As follows 
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e Complete Oscillation: 


It is the motion of an oscillating body during.a period of time when 
it passes through a certain point in its path of motion two successive 
times in the same direction. 


The periodic time (T) The frequency (P) 


Definition 


Mathematical 
Relation 


The measuring 
Unit 


The graphically representation between (N) Vs (T) 


1 
The graphically representation between (P) vs (T) & (_) 
T 


Simple harmonic motion (SHM) 


Simple harmonic motion isa type of periodic motion such as the motion 
of a simple pendulum or a body fixed to a spring coil which can be 
represented by a sinusoidal curve (sine wave). 


Example 1: In the opposite figure: If the time taken by the pendulum to 
move from X to Z is 0.8 s, calculate: 


(a) The periodic time. UAE 
(b) The frequency. 

(c) The number of complete oscillations through 16 s. 
(d)The time required to make 50 oscillations. 
Solution: 


Aa 


Example 2: 
The opposite graph represents the relation 


between the number of complete oscillations 
(N) and the time (t), then the frequency of 
motion of this body equals .......... 


Solution: 


Example 4: 

The opposite graph represents the relation between the displacement 
(d) and the time (t) for a mass tied to a spring and vibrating with 
frequency 60 Hz, then the time taken by the mass to pass between the 
TWO POINTS X,Y 1S wee 


x 
| 
y 
es p : == Example — 
D A running man | 
` Kinetic i M | 
| energy The energy possessed by PA | 
| ; the body due to its motion | AI | 
| KE=}mv : g 
2 i 
} ; A 
m 
S Elongation and compression ` 
of a spring 
F Poterit The energy stored in 
| energy ‘ 
| ——»——_ —> the body due to its state 
| PE = mgh or position 
~ < 
3, 
~~ Mechanical 
The summation of 
| energy : i 3 
| —— ~ — > thepotential energy and | a 
E=PE+ KE the kinetic energy of the body ; ~i an 
f mF 
a i \ = j 


Example 5: ae 
The opposite figure shows the motion of a P 
simple pendulum where xy = yz = zk = kl. If 
the pendulum takes time (t) to move from x +o 
y. the periodic time is........... 


a) 8t b) less than 8t y k 
c) greater than 8t d) indeterminable 
Exercise 1 


Choose the correct answer: 

1) The motion of a body in a circular path with a constant.speed is 
considered............ 

(a) a periodic motion (b)a simple harmonic motion 


(c)an oscillatory motion (d) a wave motion 


2) The motion of a swing is considered........... 
(a) a translational motion (b) a wave motion 


(c) an oscillatory motion (d) a circular motion 


3) In the opposite figure,the pendulum makes a 
complete oscillation when it moves from ......... 
(a) x —»Y 

(b)x aY _,2Z 

(c) x__+y Zay 


(d) x —»y___»Z —> Yy —x 
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4) In the opposite figure, a body moves in an 

oscillatory motion, so the distance which is pa: 
moved by the body during a complete G A B 
oscillation equals .......... 

(a) double the distance AB. 

(b) half the distance AC. 

(c) double the distance BC. 

(d) four times the distance BC. 


5) The opposite figure shows a simple 
pendulum vibrating with an amplitude. 

A. If its bob has moved from position x to 
position y and then to position z, the 
magnitude of displacement of the pendulum 
bob equals............. 

(a) A 

(b) 2A 

(c) 3A 

(d) zero 


6)In an oscillatory motion, the ratio between the time of an amplitude 
and the time of a complete oscillation is........... 


(a) 2 (b) 2 (c) 4 (d) 4 
7)In which of the following figures is the distance between the two 
positions x, y representing the amplitude of vibration? 
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8) The opposite figure shows a string vibrating with a periodic time T, so 
the time taken by the string reaches the maximum displacement from its 
equilibrium position is ........... 


(a) T74 (b) T/3 (c) T/2 (d) T 
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9)The periodic time of an oscillating simple pendulum is the time taken 
by the pendulum bob to pass two successive times through a point in its 
path when this point is.............. 


(a) at the equilibrium position. 
(b) at the maximum displacement away from the equilibrium, position. 


(c)between the equilibrium position and the maximum displacement in 
the positive direction. 


(d)between the equilibrium position and the maximum displacement in 
the negative direction. 


10) The opposite figure shows a person measuring his pulse rate which is 
found to be 75 beats per minute. 


What is the frequency and the periodic time of his heart muscle motion? 


The frequency The periodic time 


a 0.8:Hz 0.8 s 
b 0.8 Hz 1.25s 
c 1.25 Hz 0.8 s 


d 1.25 Hz 1.25s 
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Lesson 2: Wave motion 


What Happens when a stone is-dropped in a lake? 


The wave: 


It is a disturbance that propagates and transfers energy in the 


Types of waves: 


1 Mechanical waves 
2 Electromagnetic waves 


First Mechanical waves: 


Mechanical waves are produced due to the vibration of a body ina 
medium, so the vibration (disturbance) propagates from the body 


through the medium. 


e Source: They need a medium through which they can propagate. 


e Examples: 


Water waves Sound waves 


Waves that 
propagate in strings 
during their 
vibrations 
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e Conditions of obtaining mechanical waves: 

1 The existence of a vibrating source 

2 The occurrence of a disturbance that transfer from the source 

to the medium 

3 The existence of a medium to transmit the disturbance 
Note: 
Since sound is a mechanical wave, it cannot propagate in.empty space, 
So: 
-The sounds of cosmic explosions that happen in the outer space 
cannot be heard. 
- Astronauts use wireless:devices to communicate in space. 


Types of Mechanical waves: 
1- Transverse waves 2- Longitudinal waves 


(1) transverse wave: It is a wave in which the directions 
of medium particles vibrations about their equilibrium 
positions are perpendicular to the direction of wave 
propagation. 


A pulse: 


Is a single disturbance ina form of half wave 


Note that: 


The distance between two successive crests or two successive troughs 
or any two successive points along the direction of propagation that are 
in the same phase is called the wavelength of the transverse wave (A). 
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The position that represents The position that represents the 
the maximum displacement of the maximum displacement of the 
medium particles in the positive medium particles in the negative 
direction (positive pulse), direction (negative pulse). 


- — $$ 


Displacement of 
medium particle 
(d) 


Crest 


Wavelength SE 
(A) Crest 


Distance covered 
by the wave 
(x) 


Direction of 
particles vibration 


‘Trough Trough 


~ Wavelength 
Direction of wave propagation (A) 
ÄH 


m 


eee 


The distance between two Successive crests or two 

successive troughs or any two successive points along 
the direction of propagation that are in the same phase 
is Called the wavelength of the transverse wave (A), 


Notice that: 


A medium particle has the same phase at a definite position, when it 
passes through that position two.successive times with the same velocity 
(including magnitude & direction). 


Examples of transverse waves: 
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Graphical representation of transverse waves: 


The motion of the particles of the medium in which the transverse 
wave propagates can be represented through the graphs of: 


The displacement of the particles | The displacement of one of the 
of the medium (d) versus the medium particles(d). versus 
horizontal distance (x) covered by | time(t). 

the wave at a certain instant. 


We get a sine curve 


le Àm “A om ner 
Der | A - 
C f ‘ © 
i at itan — — >æ 
| 
| ) 
\ | Te 
\\ 
| 
—— oe | aes i A | 
ra N "A Y s E 
The two points b, G i { The two points e,k 
have the same phase have the same phase 


From the two graphs, we find 


| oy * (Total distance) -N (Number of waves) 
mice engi ( ) N(Number of waves) Prequency(P) prune in seconds) 


Frequency(P) = — 
T 


From the previous, we can define the wave amplitude (A) as follows: 


The wave amplitude (A): 
It is the maximum displacement of the vibrating medium particles away 
from their equilibrium positions. 
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Example 1: 
The opposite graph represents a 


transverse wave, calculate: 
a) the amplitude 
b) the frequency 
C) The periodic time 
d) the wave length 


Solution: 


The opposite graph represents the d(m) 
relation between the displacement (d) 
of the medium particles and the A 


A l \ 
distance (x) travelled by two ranee eem 
UUV 


transverse waves is travelling at a j ie A 
Y Vv VU 
certain instancevand the distance (x) 


travelled by the wave, if the distance between the first trough and 
the seventh crest is 5.5 cm, the wavelength of the wave equals? 
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Example 3: 

The opposite graph represents the 
relation between the displacement (d) 
of the medium particles and the 
distance (x) travelled by two 
transverse waves (a),(b), so the ratio 


between their wavelengths C) equals? 


2- Longitudinal waves: 


x(cm) 


To describe the nature of longitudinal waves, we carry out the 


following experiment: 


2) The longitudinal wave. consists of a group of compressions and 
rarefactions which, transferalong the spring as shownvin the following 


igure: — y 
f gur 2) The lonaitudinal wave consists of a group of compressions and rarefaction. whi 
. . - . 4 è te l 
transfer along the spring as shown in the following figure: 
The region where the particles of the The region where the particle: ori 
. z ” è s < 3 te 
\ medium become close to each other. J} | medium become far from 


Compression cag aren ion 
WO 1 | | se 
NANA SET = 
La Wavelength L ~ Wavelength _| 
On ih 
\ 


: 
y 
\ A 
\ Direction of vibration of 
\\ medium particles 
A 
N 


— e. ` = = 


[ The distance between the centers of two successive compressions, \ 
two successive rarefactions or any two successive points along E 
the direction of propagation that are in the same phase is called 
the wavelength of the longitudinal wave. 


» Examples of longitudinal waves : - Sound waves in gases. | - Waves inside water. 


19 


"ACh Other | 


\ - (/ ~ 
` - nemme j NX i j 
j AN Si 
f . 


The graphical representation of longitudinal waves: 


When we plot the relation between the 
displacement of the medium particles 
and the distance travelled by the wave a 
at a certain instant or between the IN| | | il |l | will 
displacement and the time for the "E 
motion of the medium particles in which 
the longitudinal wave propagates, we 
get a sine wave curvevas:shown in the 
opposite figure, hence all the concepts 
and the laws of the transverse wave are 
applicable to this curve. 


Comp. Rare. 


| 
l 
AI 
| 
' 
j 
j 
' 
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Distancë 
or time 


From the previous, we can compare between the two types of 
mechanical waves (Transverse & longitudinal) as follows: 


20 


Example 4: mn : 
The opposite figure represents a | | 
longitudinal wave. If the distance 

between the two points a and b is a 


I.7 mand the time: 


taken by the wave to travel from c to d is 0.015 s. calculate 
(a) The wavelength of the longitudinal wave. 
(b) The frequency of the wave. 
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Second: Electromagnetic waves: 


Electric field 
oscillation  |*———— Wavelength — 


Propagation 


Magnet field 
oscillation 


Concept: They are waves that originate from the vibration of electric 
and magnetic fields with the same frequency where.both.fields are in 
the same phase perpendicular to each other and to the direction of 
their propagation. 
Propagation: They travel.either in physical media or in empty space 
where their speed in space reaches its maximum constant value that 
equals 3 x 108 m/s. 


Types: Transverse waves only. 
Electromagnetic spectrum: 


eM increases 


Microwaves 


IR rays Radio waves 
ays | 


tte pene increases 


400 nm Visible light 700 nm 
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From the previous, we can compare between mechanical and 
electromagnetic waves as follows: 


Deducing the speed of propagation of the waves: 


- If a wave has travelled a distance x through a time interval t, the 
speed of the wave (v) is calculated from the relationv= x 


So, if the distance equals its wavelength LO then the wove takes a time 
equals to the periodic time {T} 


So 


But P= 2 so 
T 


This equations is applicable to all types of waves (mechanical or 
electromagnetic) 
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The factors that affect the speed of wave in a medium: 


EEEE 
e The wavelength is inversely proportional to ə The wavelength is directly proportional to 


the frequency (V) at constant wave speed (y). the wave speed (v) at constant frequency (U). 
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Notes: 


+ When applying the relation of v = Av on: 


~ Two waves of the same type i \ 
_ propagating in the same medium F. k 


The speed of the two waves will be the 
same because the wave speed depends 
only on the medium type. 

y= 


AV) = A0 


| Where j 


A, and V, are the wavelength and the frequency 
of the first wave, À, and V, are the wavelength 
and the frequency of the second wave. 


’ A wave travelling from one me 
: to another ěć 


The frequency of the wav 
because the wave frequency ¢ 
the source frequency. 


v, Ne 

A, ~ Ay 
I “i 

A 2 


Ay 
the first medium, A, ä 
and the speed in the second m 


and v} are the wavelength 


ped it 
and the spe“ | 


jum 


| 


e remains constant 
lepends on 


yelens | 


edium 


—— 


. Bd 
a 
a 
—~ 


Example 5:/A sound wave of wavelength À propagates in air with a 
speed of 330 mis, if it has travelled to another medium in which its 


speed is 990 mls, then its wavelength increases by 
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Example 4: 

Two tones, whose frequencies are 340 Hz and 212Hz, travel in air. If 
the wavelength of one of them is longer than the other by 60 cm, then 
the speed of sound in air equals............. 


a) 337.9 m/s b) 430 m/s c) 342.1 m/s d) 343.2 m/s 
Example 5: The opposite graph represents the À 


relation between the wavelength (A) for two 
waves (x, y) propagating in different media and 
the speed (v) of these two waves in each of 
these media, so which of the following relations 
is correct? 
a) Tx < Ty b) Tx> Ty c) Px > Py 

d) Px = B 
Solution: 
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Exercise2 


Choose the correct answer: 


1)The opposite figure represents 
the relation between the vertical 
displacement (d) of one of the 
medium particles and the time (t) 
for a transverse wave of frequency 
that equals 50 Hz, then»the time 
interval taken by the medium 
particle to move between the two 
points a and b is........2.... 


t(s) 


(a) 2/25 s (b) 1/25 s 

(c) 1/50 s (d) 1/200 s 

2) Waves transfer .............. in the direction of their propagation: 
(a) matter (b) particles c)energy d)water 


3) Two waves interfere on the 
surface of the water as showniin 
the opposite figure, which two 
points in the figure represent the 
sources of these waves? 

(a)P,S (b) T,R 
(c)Q,T (d)U,Q 
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4) The opposite figure shows a wave 
propagating on the surface of a still lake, so 


this wave propagates in ===- / es N 
a) one direction with an increasing speed Se 
b)Two opposite directions with two ow s 
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different speeds 
c) all directions with the same speed 
d) all directions with increasing speed 


5) A train of waves»passes on the water 
surface of a lake as shown inthe opposite 
figure. 

What will be the, level at which the 
surface of water settles after the waves 
finish passing? 

(a) A (b) B 

(c) C (d) D 

6) In the opposite wave, which of the 4 -~\\ 
points a, b,c, and d have the same phase? 

a)a,b,c b)a,b 

Ne d)b,d 
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7) The opposite graph represents the d 

relation between the displacement (d) of 

the particles of a medium in which a 

transverse wave propagates with frequency |/ JaA p 

(P), amplitude A, and the distance (x) a 
traveled by the wave, if: | 
(i) The frequency of the wave is doubled at | 

constant amplitude, then distance............ | 

(a) a increases to the double 

(b) b increases tô the double 

(c) c decreases to its half 

(d) e decreases toits half 

ii) The amplitude of the wave is doubled at a constant frequency, then 
distance........ 


(a) a decreases to its half (b) b decreases to its half 
(c) c increases to the double (d) e increases to the double 


8) A transverse wave propagates in a rope 
where the opposite graph of displacement (d) 
versus time (t) represents thesmotion of one 
of the rope particles, so what is the time 
required for this particlesto return back to ° 
the same phase? 

(a) T/2 (b) T/4 

(c) T (d) 3/2 T 


d 
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9)If the wavelength of a transverse wave is y, then the distance 
between the first crest and the crest of order n equals........ 


(a) ny (b) (n+ 1)y (c) (n -1)y (d)(n-1/2) y 


10)In the opposite wave, if the distance 
between the first crest and the fifth 
trough is 140 cm, then the wavelength for 
this wave equals......... 

(a) 10 cm (b) 20 cm 

(c)40 cm (d) 70 cm 
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In the study of the nature of light, physicists were divided into two 
groups: 


The first: (Isaac newton's idea) 


Which considers light as very tiny particles. 


The second: (Huygen's idea) "u 
Rr 
Which considers light as wave. mT, 
"" 
~ be 


However, modern physics (quantum physics) has proven the principle 
of dual mature of light, which states that the electromagnetic 
radiation has: 


1- Wave nature: They are transverse electromagnetic waves. 


2. Particle nature: They consist of energy quanta that have particle 
nature called photons. 
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Electromagnetic waves have an extensive range of frequencies and 
wavelength, this range is called: 


The electromagnetic spectrum which includes: 


Radio waves, Micro waves, Infrared, Visible light, Ultraviolet, X-rays 
& gamma rays 


Visible Light 


700nm 600nm 500nm 400nm 


i 


Radio waves Microwaves Infrared Ultraviolet X-rays Gamma 


<————LONGER WAVELENGTH (meters) SHORTER————> 
10? 1 1 10° 10? 10° 104 105 10% 107 108 10° 101 10% 10}? 10% 


From the figure, it is clear that visible light is a limited part of the 
electromagnetic spectrum and in the following, we will study some of its 
properties: 

1 Reflection 

2 Refraction 

3 Interference 

4 Diffraction 
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first light reflection: 


Occurrence: When light waves fall in Normal line 
a medium on a reflecting surface, F: ' 
they bounce back in the same medium 
and this phenomenon is known as 

light reflection. Reflecting 


surlace Point of incidence 
a a es m eee 


Light reflection, angle of incidence and angle of reflection can be 
defined as follows: 


1 Light reflection: 
It is the bouncing of light waves in the same medium when they 
encounter a reflecting surface. 


2 The angle of incidence: 


It is the angle between the incident light ray and the normal line on 
the reflecting surface at the point of incidence. 


3 The angle of reflection: 


It isthe angle between the reflected light ray and the normal line on 
the reflecting surface at the point of incidence. 


The reflection of light obeys two laws, which are: 


1- Angle..of incidence (=) Angle of reflection 
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The second law: 


The incident light ray, the reflected light 
ray and the normal line at the point of 
incidence all lie in the same plane which is 
perpendicular to the reflecting surface. 


Notes: 


2) The light ray which falls perpendicular to a 
reflecting surface gets reflected on itself 
Because the angle of incidence equals the 
angle of reflection equal zero 

3) When plotting the relation between the 
angle of reflection (2) and the angle of 
incidence (@1). we get a straight line and when 
the two axes have the same drawing scale, the 
Straight line will make a 45° anglewith the 
horizontal axis as in the opposite graph 


34 


Normal line _ “9 
p A” fn ri 


PF 
ae | 

i 

i 


4) It is easier to see your reflected image on the glass window of a 
lighted room at night when the outside is dark than seeing your reflected 
image at daytime explain?? 

Because 
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Example 1: 
Three mirrors; A.B and C, are perpendicular to 


each other. If a light ray falls on mirror A as 
shown in the figure trace the path of the light ray 
until its reflection at mirror C 


Example 2: 


In the opposite figure calculate the angle 
of reflection. 
Solution: 
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Example 3: 
If the mirror gets rotated about point x in 


the direction shown in the figure by anangle 7 ~~ 
of 10, the angle between the incident rayand \_ 30° 
the reflected ray becomes........... : 


a) 140° b) 135° 
c) 125° d) 15° 
Solution: 
Example 4: 


In the opposite figure, if the position of “© | 
the light source is changed such that 


“ight source 


F 


~ 


the angle of incidence (@1) increases by 


5° the angle @2° , will............ ' 
a) increase by 5° b) increase by 10° OTTTTTTTTT METI Mirror) 
c) decrease by 5° d) decrease by 10° 


37 


Third: Light refraction: "aiiis 
| INCIDENCE 


A 
w 


Occurrence: sown 
When a beam of a parallel light rays 
falls on the interface (boundary | 
surface) between two transparent EUNN 
media of different optical densities. 


1) Part of the light gets reflected in the first medium. 


2)Part of light passes to the second medium deviated from its direction 
and this phenomenonis known as light refraction. 


3) Very small part of light gets absorbed in the second medium. 


Optical density of a medium: incident 4 Reflected ray 
The ability of the mediumto bend A r 
light rays when they enter into it. Rarer medium wie 


! 
Denser medium 
` i} Refracted ray 


(glass) 0\ 
Light refraction | 


It is a phenomenonmthat changes light's direction when it travels slanted 
through the interface between two transparent media of different 
optical densities. 


The angle of refraction (9). 


It is the angle between the-refracted light ray and the normal line on 
the interface between the two media at the point of incidence. 


The reason why the rays refracted between two mediums: 


The refraction of light occurs due to the different speeds of light in 
the two media as a result of the different optical densities of the two 
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Light refraction obeys two laws, 


First law of refraction: 


Second law of refraction: 


which are: 


An optically rarer medium 
To 
An optically denser medium 


An optically denser medium 
To 
An optically rarer medium 


From air to glass 


From glass to air 


So light rays are refracted (bent) 


Air 
Glass 


NY l 
Glass 4 ) 
Air a 


This can be resembled by 


} Incident 
ray 


Glass 
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The factors affecting the relative refractive index between 2 media: 


1. The types of the two media (their optical densities). 


2. The wavelength of the incident light ray. ey 
| 
Air xX 
The absolute refractive index of a medium: Glass A 
9 
a 


From the first law of refraction: 


Nz = — , ing = — | 
yo Medium (1) X 
a Medium ©) | 
Sing = Ż oe l 
SmI n SO n1 sin ø = n2 sin 0 |...(vip) 


First medium second medium 
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If 


nl > n2 ni < n2 


Then 


Ø <9 Ø >09 


So, when increasing the angles of incidence (Ø) with a given value, the 
angles of refraction (O) increase with 


A greater value A lower value 
n1 ni 
Where  >1 Where. <4 
n2 n2 
Examples 


4 
If the absolute refractivesindex of water is 3 and the absolute 
3 
refractive indexof glass is d ‚calculate: 


(a) The relative refractive index from water to glass. 


(b) The relative refractive index from glass to water 
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Exercise (3) 


Choose the correct answer: 


1) The opposite figure shows a light ray falling on 
the surface of aplane mirror and bouncing 
back, hence the angle of reflection 
of the ray from the surface of the mirror equals 
a) 40° b) 50° c) 80° d) 100° 


2) In the oppositesfigure a light ray is Incident ray ' Reflected ray 
incident with a speed (v) on the surface of a : 

mirror and gets reflected from it, so the 
speed of the ray after its, reflection 


COVUTL AAT ELAAD ALLA ALLL EL A 


BECOMES nse N 

a) b) v c) V2 v d).2v 
3)The opposite figure shows a light wave being pore 
incident ona reflecting surface, what will be the — Y 


value of the angle of reflection for this wave 
after strikingthe reflecting surface? 
a) 0° b) 45° c) 90° d) 180° 


4)If alight ray is incident perpendicular to a plane mirror, the angle of 
deviation of the ray from its path equals..................... 


a) 0° b) 90° c) 360° d) 180° 
5) In the opposite figure, the angle of B 
reflection of the light ray from mirror B equals ES EE 
A ; Fá 
PEO 110° 2 
a) 20°  b)40®°  c)60®°  d)70° Da A 
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6)In the opposite figure, which of the following 
statements is correct? 

a) The ray is reflected from mirror C at an 
angle of 30° 

b) The ray is reflected from mirror C at an 
angle of 45° 

c) Ine ray Is retlected trom mirror C at an 
angle of 60° 

d) The ray is reflected parallel to mirror C. 


7) A light ray is incident on aplane mirror with 
an angle of 60°. If the mirror is rotated by an 
angle of 18° in thesclockwise direction while 
keeping the incident ray in the same direction 
as in the figure, then the angle of reflection 
beđõmes...... n.s 

a) 18° b) 48° c) 42° d) 78° 


8) If a light ray is incident on mirror A while 
being parallel to mirror B as shown inthe 
opposite figure: 
(i) The light ray gets reflectedsfrom mirror A 
and falls on mirror B by an angle of incidence 
that equals..................... 

a) 90° b) 60° c) 30° 


B 


d) 0° 


(ii) The reflected light ray from mirror B falls again on mirror A with 


an angle of incidence that equals 


a) 90° (b) 45° c) 30° 
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d) 0° 


9) The opposite figure, a light ray is incident on 
mirror M; parallel to mirror Mz, hence the ray 
gets reflected from mirror M; to fall on mirror 
Mz and get reflected from it parallel to.mirror 
M: so angle O equals........... 


a) 30° b)45° 


c) 60° d) 90° 


10) The incidence of a laser ray from source x | 
on mirror (1), hence after. the ray gets 
reflected from mirror (2), it passes through |= 


point............ 
a)A b)B 
c)C d)D 


11) When a light ray is incidentfrom air with an acute angle on a glass 
surface, its direction gets change due to the change of........... 
between the-two media. 

a) The amplitude of light wave b) The color of light 
c),The frequency of light d) The speed of light 


12) When a light wave passes from an optically rare medium to 
another optically denser medium with an angle of incidence = zero, 
which of the following light properties does not change? 

a) The wave speed b) The wave amplitude (intensity) 
b) The direction of propagation d) The wavelength 
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Chapter 2: Properties of light 


Lesson 2: (Interference and diffraction) 


Third Interference of light: 


1 


2 


A reinforcement in the intensity 
of the two waves at some positions 
“constructive interference" 


A weakness in the intensity of the 
two waves at some other positions 
"destructive interference 


As a result of 


The overlap (superposition) of a 
crest from one wave with a crest 
from the other wave or a trough 
from one wave with a trough from 
the.other wave. 


The overlap (superposition) of a 
crest from one wave with a trough 
from the other wave. 


Double-slit 
barrier 


Cylindrical 
waves 


. |J 

! 1 

i 

sh S 

Monochromatic | ! 
light source 


Schematic diagram of Young’s double- 


Observation 
screen 


slit experiment 


1- When turning on the light source, the light waves pass from slit S in 
the ‘form of cylindrical waves, where: 


- The continuous J curves represent wave crests, 
- The dashed ‘curves represent wave troughs. 


2 The two slits (S,,S,) are adjusted, so when the light waves reach them, 
they will be at the same cylindrical wavefront, so they act as two 
coherent sources, i.e. They produce two coherent waves having.the same 
frequency, amplitude and phase. 


3The two waves from S; and S2 propagate beyond the double slit 
barrier and when they reach the last screen, they interfere with each 
other and give a pattern of interference (as shown in the previous 
figure) and this phenomenon is known as the interference.of light and 
it can be defined as follows: 


Interference of light: 


Itis the phenomenon of superposition of the light waves that are 
produced from two coherent sources causing reinforcement in light 
intensity in some positions (brightfringes) and weakness in light 
intensity in other positi dark fringes): 

relation. Ay = 


„Vip 


Where: (A) is the wavelengthàof the used light, (R) is the distance 
between the double-slit barrier and the observation screen and (d) is 
the distance between the two slits. 


As studying Young's double-slit experiment, we find that: 
(1) Conditions for the occurrence of light interference: 
- The used light source must be monochromatic. 


‘Slit S must be at equal distances from the two slits Sı, S2 for making 
the double-slit work as two coherent light sources. 


2- The interference of waves is of two types: 


It produces : 
1 Constructive interference: 


Reinforcement in the intensity of the light in D 
some regions (bright fringes) as a result of the @ = 
overlapping of a crest of one wave with a crest z ry 
of another wave or a trough of one wave witha o re 
trough of another.wave: € 5 
2 Destructive interference: = © 
Weakness in the intensity of the light in some £ 
regions (dark fringes) as a result of the S 
overlapping of a crest of one wave with a trough 
of another wave. p 

Constructive fringes Destructive fringes 


The path difference ofathe | The path difference of the 


condition | two interfered waves = mA, | two interfered waves = 
(m+1) A 
2 


Where: m is the order of the fringe which is an integer number 
(0,1,2,...). 


Slit (1) 
Slit (1) 


Representatio 


Slit (2) Slit (2) 
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7- The two waves that have equal path lengths give the central fringe 
which is always a bright fringe because the path difference at this 
fringe equals zero, so the interference becomes constructive. 


The factors affecting the distance between the centers of two 
successive fringes of the same kind: 


2) In Young's double-slit experiment, it is preferable to use a light of 
relatively long wavelength to make the distance between the 

binterference fringes relatively large, hence the interference pattern 
becomes easier to be observed as shown in the following figure where 


Ab < Ar. 
‘Ene 


When increasing the distance between the double-slit barrier and the 
observation screen (R), the distanceybetween the interference fringes 


AR 
increases according tothe relation (Ay = PE as represented in the 


following figure: 


IZ 


SEE E 


Example 1: 


In double slit experiment: if the distance between the two narrow 
rectangular slits was 0.15 mm, the distance between the double -slit 
barrier and the observation screen was 75 cm and the distance 
between the centers of the two successive bright fringes was 0.3 cm, 
calculate the wavelength of the used monochromatic light source. 


Example 2: 
The opposite figure represents the interference pattern of Young's 


experiment whichwas conducted with a light of wavelength 5000 A 
and an observation screen at distance 120 cm from the double-slit. If 
the distance between the central fringe (0) and the fourth bright 
fringe (4) was 0.8 cm, calculate the distance between the two slits. 


Fifth Light diffraction: 


Aperture Screen 


Parallel 
monochromatic 
light 


First 
bright spot 


Diffraction ona circular aperture 
What happens can be explained as follows: 


When monochromatic light waves fall on a sharp edge or ona circular 
aperture of a barrier whose size is small compared to the wavelength of 
the incident light: 


-They change their direction of,propagation (diffract). 


"Each point on the wavefront of the wave passing through the aperture 
acts as a secondary light source that forms waves of the same 
wavelength and phase. 


- These waves interfere (superpose with each other behind the aperture 
giving diffraction fringes. 
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Diffraction fringes pattern: 


It is a pattern of alternate bright and dark regions produced due to 
the superposition of the diffracted light waves as passing from an 
aperture of avery small size or falling on a sharp edge. 


The condition of a clear appearance of light diffraction: 


The wavelength of the light wave has to be close.in size to the dimensions 
of the aperture, so if the aperture size is: 


eae meee were es eewe ees ees ee eae see eee sseseesenn sh saesre=@ 


{ much larger than the wavelength of light comparable to the wavelength of light 


Han ) Hey 


The diffraction doesn’t appear. The diffraction appears and becomes more 
clearer by decreasing the aperture size. 


—— 


From the previous, light diffraction can be defined as follows: 
Diffraction of light: 


It isthe phenomenon of changing the direction of light waves 
propagation through the same medium when they pass through a very 
narrow aperture or fall ona sharp edge in which the superposition of 
waves leads to the formation of bright and dark fringes. 
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Interference Diffraction 
1 It appears when using a double- | 1 It appears when using a single 


slit. narrow slit. 

2Bright and dark fringes that are | 2Central wider bright fringe 
equally spaced are formed. surrounded by less wide bright 
3Light intensities at the centers | fringes are formed. 

of the bright fringes are equal. 3light intensities at the 


centers of bright fringes get 
dimmer as we get away at the 
two sides from the central 
fringes 


From the previous, the wave properties of light can be summarized as 
the following: 


1. Light rays propagate in straight lines in the homogeneous medium. 


2. They reflect when they fall on a reflecting surface, according to the 
laws of reflection. 


3.They refract when they travel between two transparent media of 
different optical densities, according to the laws of refraction. 


4.Light waves interfere when.they meet other waves that have the same 
frequency, amplitude and phase producing regions of constructive 
interference (maxima) and regions of destructive interference (minima). 
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Exercise (4) 


Choose the correct answer: 


1) The interference of light, is resulted due tows...... 


a) the bouncing of waves b) the deviation of waves 
c) the superposition of waves d) the change of the speed of light 


2) The double-slit in Young's double slit experiment works as two 
coherent light sources, in which coherence means that the two waves 
formed from the double-slit have the Same... . 


a) phase b),amplitude c) speed d) direction 


3)In Young's double-slit experiment, the widths of interference fringes 
don't depend of... eee 


a) the distance between the two coherent sources 


b)the distance between. the double-slit barrier and the observation 
screen 


c) the wavelength of the light emitted from the source 


d) the distance between the double-slit barrier and the light source 


4)In Young's double-slit experiment, the interference fringes widths 
increase when ............ 


a)the distance between the double-slit and the observation screen 
decreases 


b)the distance between the double-slit and the observation screen 
increases 


c) the distance between the two slits increases 
d) the wavelength of the used monochromatic light decreases 


5) Which of the following figures represents the interference pattern 
formed ina Young's double slit experiment? 
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©) © 


ZN 
(d) 


(a) 


6)In a Young's double-slit experiment, when increasing the intensity of 
the used light, the distance between the center of the central fringe 
and that of the first dark fringe............... 


a) increases b) decreases c) vanishes d) doesn't change 
7) In Young 's double-slit experiment, which of the following figures, 
represents the graphof.the distance between the center of the central 


fringe and the«center of its following bright fringe (Ay) versus the 
distance between the double-slit barrier and the screen (R)? 


Ay 


a) (b) (c) (d) 
8)A Young's double-slit experiment, the separation distance between 
the two slits was 10-* m and the distance between two consecutive 
fringes of the same type was found to be 3.75 mm when they appeared 
on an observation screen at a distance 0.75 m from the two slits, so 
the wavelength of the used.Jight equals..................... 


a) 5000 A b) 5400 A c) 6000 A d) 6400 A 
9)In a Young's double-slit experiment, if the distance between the 
two coherent sour was 1.6 mm where the interference fringes were 
formed on a screen at a distance of 60 cm from them such that the 
center of the third bright fringe was at 0.6 mm from the center @ the 
central fringe, then the frequency of the used light equals.............. 


(Given that: the speed of light in air = (3 x 108 m/s) 
a) 4.08 x 10% Hz b) 5.63 x 1014 Hz 


C) 4.74x 10" Hz d) 7.08 x 10" Hz 


10) In Young's double-slit experiment | 
represented in the opposite figure, if R = 10*d, Ì 


then... jfa 
a) Ay =a b) Ay = 104 4 L 
a eee 
Ay = 10-44 d) Ay = — R at 
c) Ay ) Ay 10 


11) Which of the following diagrams of Young's double-slit apparatus 
will yield the best noticeable interference fringes? 


E g 


‘ 
X= 400 nm l| A= 500nm ppe 
i lm | 0.5 mT | 
(a) (b) 
| | 
ry 
— I{0.5d = 3d 
=450nm 2.=600nm 
t 


- llm 


©) 


| 15m 


FAN 
d) 
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Chapter 2 


Lesson 3: Total Internal Reflection 


Light refraction can be used to explain the occurrence of two phenomena 
which are: 


- The total internal reflection. 
- The deviation of light in a triangular prism. 


Red 
range 
Yellow 
ck Green 
or? Blue 


Indigo 
Violet 


L Glass prism 


Dispersion of White Light 


- In this lesson, we will study the total internal reflection of light in 
some details. 


Total Internal Reflection: 


Occurrence: When a ray of a monochromatic light falls from an optically 
denser medium (such as water) on the boundary surface with an optically 
less dense (rarer) medium(Such as air), there will be some possibilities: 


— = 


= Monochromatic 
SS light source 
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1- If the angle of incidence 
equals zero (the light ray 
falls perpendicular on the 


boundary surface (Ø = 0) 


The light ray passes into the 
optically rarer medium (air) without 
any refraction (6 = 0) 


2- If the angle of incidence is 
increased slightly to be 
greater than zero (the light 
ray falls at an angle on the 


boundary surface (Ø = 0) 


The light ray.passes into the 
optically rarer medium (air) 
refracted away from the normal on 
the boundary surface where ni sin 


(Ø) = n2 sin (9) 


3-By increasing the angle of 
incidence of light gradually 


The angle of refraction (9) in the 
optically rarer medium (air) 
refracted away from the normal on 
boundary surface where 


n1 sin(@) = n2 sin (9) 


4-When the angle of incidence 
reaches a definite value that is 


known as the critical angle(@c) 


The light ray gets refracted 
tangent to the boundary surface i.e., 
the angle of refraction of the light 
ray (8) equals 90° so: 


n1 sin (Øc) = n2 


5- When the angle of incidence 
becomes greater than the 


critical angle (Øc) 


The light ray gets reflected back in 
the optically denser medium (water) 
so that the angle of incidence = the 
angle of reflection 
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Rarer 
medium 2) 
Boundary (uir) 3) 
surface a: ae 
= (4) 
Denser Ba a 
medium e a 
(\vater) ni "S 


L 


Monochromatic 


7 light source 


From the previous, we can define each of the critical angle between 
two media and the total internal reflection as follows: 


The critical angle between two The Total Internal Reflection 
media (Gc) 
It is the angle of incidence of the. Tt is the reflection of light 
light ray in the denser medium ray in the denser medium 


which leads to a refraction angle 


when it is incident at an angle 
of 90° in the rarer medium. 


that is greater than the 
critical angle between the 
two media 


Deducing the relation between the critical angle and the refractive 
index of a medium: 


When a light ray passes from an optically denser medium (n1) to an 
optically rarer medium (nz), Snell's law is applied: 


n1 sin (Ø) = n2 sin (9) 
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If the light ray falls with an angle of incidence that equals the critical 


angle (Øc) between the two media, it gets refracted tangent to the 


boundary surface: 


Ø= Øc , @=90 so n1 sin (Øc) = n2 sin (90) 
~ n1 sin (Øc) = n2 
2 ithe rarer medium is . 
Air (n, =n, = 1) Not air 
l So, | 
n=n nsing =| a, sing. =n, 
c 
l v A n, w A, sin (0.), 
sing. =—==4=; sin Q =z z — =e = Áh = £ 
E ts À, e N w h, 12 sin (0), 
_ Where 
* (n) is the absolute refractive index of en >n 


the denser medium (n > 1). 


e (ġ_) is the critical angle of the medium 


with air. 


e >. is the critical angle between 
the two media. 

e (0,), is the critical angle of the first 
medium with air. 

° (Ò), is the critical angle of the second 


medium with air, 


Note: 


Knowing that sin (Øc) is always between O.and»1 (O < sin (Øc) < 1), so 
when calculating the critical angle between two media, the value of the 


quantity in the numerator must be always less than the value of the 
quantity in the denominator. 


The factors on which the critical angle between two media depends: 


@® The types of material of 


the two media 


© The wavelength of the incident ` 


light ray 


Illustration 
i 
| | 
n=] Air i Air 
Se ee 
Glass l 418° Glass | : 
ia (i 41. | 41.14 
sis m \- 
Light ray Red light 
= 
| | 
| | 
n=] : | l 
Air i Air 
Water \ ä Glass | y 
n= 1.33 488 41 41,06" 
i] | 
| | 
Light ray Yellow light 
| n= 1,33 
Water | Air ! 
Glass | the A = 
t ! 
| 
\ Blue light 
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Example 1: 


If the absolute refractive indices of glass and.water for a given 
monochromatic light ray are 1.6 and 1.33 respectively, calculate: 


(a) The critical angle for each of them with air. 


(b)The critical angle for the incident light ray that. travels\from glass 
to water. 


Example 2: 


The Speeds of propagation of a light ware through two different media 
(x and y) are 2x 108 m/s and 2.75 x108 m/s respectively. Calculate the 
critical angle between the two media. 
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Application of the total internal reflection of light 


2 —— 


| Optical fi Reflecting prism | 


bers (fiberoptics) 


AP 


Optical fibers (fiber optics 


Structure: 

It is a thread-like tube of a transparent 
elastic material, whichyhas a relatively high 
refractive index. 


Idea of work: total internal reflection 


Explaining the idea of work: 


Light source 


( When a light ray falls on the internal 
surface of the optical fiber with an angle 
| Of incidence greater than the critical angle, 


The light ray undergoes multiple successive total y 
© internal reflections till it emerges from the other 


end without any noticeable loss in the light intensity 
| despite of bending this fiber, 
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Uses: 


1Transferring light to parts which are hard to 
reach. 

2Transmitting light in non-straight paths without 
much losses in the light intensity. 

3 They are widely used nowadays in medical 
examination devices such as medical endoscopes, 
which are used in: lee a 4 
- Diagnosis. 

- Operative surgery using laser beam. 

4-Communication as light can carry signals of data 

in optical fiber cables 


Notes: 


Optical fiber that are made of two layers are preferred to the optical 
fibers that are made of only one layer; 


Because the refractive index of the material of the external layer (n,) 
is less than that of the internal layer (n,). 


Hence, the external layer reflects any part of light that may escape 
from the internal layer by total internal reflection so that light is kept 
travelling inside the fiber. 


Accordingly, the»intensity of the 


el As =——_ 
~ a 


transmitted light by the optical =k 
fiber can be kept constant, which C= =e fe 
increases the efficiency of light p a 

transferring. Light source 
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2-Reflecting prism: 
Structure: 


A triangular glass prism whose angles are 45°, 
45° and 90° that is made of glass of 
refractive index 1.5 

i.e. its critical angle with air is 41.8° (= 42°). 
Idea of working: Total internal reflection. 


Usage: 
Changing the path of the light ray by 90° 


(1` Changing the path of the light ray by 90° 


The ray passes straight and falls 

D) on the face (AC) opposite the right 
angle by an angle of incidence 45°, 
h€., with an angle that is greater 

\ than the critical angle of glass. 


When a light ray is incident 
@ normally on one of the 

adjacent faces to the right Sp eter = 

angle of the prism (AB for A | / 

\ instance). j 


The light ray gets reflected 
totally by an angle 45°, then 
the reflected ray falls normally 
on the other adjacent face to 

\ the right angle (BC). 


ia 


\\ 
\ 


The ray emerges straight B 
from face BC with an angle — 


@ 


\ of refraction that equals zero J a 
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2) Changing the path of the light ray by 180° 


When a light ray is incident 


The ray passes straight to fall 


@ normally on the face (AC) 


on one of the adjacent faces \_ opposite the right angle. z 
to the right angle (AB for Ho 
instance) by an angle of 45°, if 


i.e., With an angle greater than 
\. the critical angle for glass. J 


A 
| his ~. 
The light ray gets reflected ee 
45° 


@ totally by an angle of 45° 
to fall on the other adjacent p 
face (BC) to the right angle a 
\. with an angle of 45°. Fal 


® The ray emerges straight 
from face AC with an 
angle of refraction that 
\ equals zero. 
tae 
/ The ray gets reflected 
totally for the second 
time and falls normally 
on the face (AC) 


~ ~ A . 
~~ Opposite the right angle. / 


From previous, we can compare the two uses of reflecting prism as 
follows: 
To change the path of | To change the path of 
the light ray by 90° the light ray by 180° 
The prism’s The face 
face on which One of the right-angled | opposite the right 
the light ray Faces ( face AB) angle (hypotenuse 
fall AC) 
The angle of 
incidence (Ø) 
The deviation 
angle of light 
The angle of 
ray emergence 
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The prism's 
face from which 
the light ray 
emerges 


The number of 
total internal 
reflections 
inside the prism 


An optical < 
instrument that 
uses the prism LE 


Periscope 


Notes: 


1, Reflecting prisms are preferred to metallic reflecting surfaces or 
mirrors in some optical instruments for the following reasons: 


(1) Because they reflect light totally. while there is no other reflecting 
surface of efficiency 100 %. 


(2)In addition, a metallic surface,eventually loses its luster, hence its 
reflection efficiency decreases, this does not happen ina prism. 


2. The faces of a reflectingprism are coated with non-reflective layer 
of a materiahlike cryolite (aluminum fluoride and magnesium fluoride) 
whose refractive,index is less than that of glass. 

3- Mirage: 

Mirage is a common phenomenon at the 

noon times during the very hot days. 
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Exercise (5) 


Choose the correct answer: 


1) The total internal reflection for an incident light ray from an optically 
denser medium to an optically rarer medium occurs when the angle of 
incidence is ° 


a) equal to 90° (b) greater than the critical angle 
c) equal to the criticalangle d)less than the critical angle 
2) The opposite figure represents four a e) 
incident light rays.on a semi-circular glass oa 
: r A A 2 (3) 7i A 
prism whose refractive index is 1.5, which of eo iE \ 190 
these rays undergoes total internal ge{ Stas NJ | 
reflection? ao “ee 
a) Ray (1) b) Ray (2) c) Ray (3) d) Ray (4) 


3) The opposite table shows the absolute refractive indices of three 
materials x,y and z, hence total internal reflection could happen when 
light travels from 


a) material x to material y Material Refractive index 
b) material x to material z X 1 

c) material y to material z y 1.33 

d) material Zto material y Z 15 


4) The figure that represents the correct path for an incident light ray 


on a semi-circular glass prism in which the angle Øc, equals the critical 
angle is.............. 
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Medium X 


5) In the opposite figure, if the angle of incidence -picdimy 2 
becomes 45°, which of the following figures 42 
represents the correct path of the ray 


fedi i - ‘ ; pen : 

Medium x e 3 Medium X | Medium X ' Medium x 4 
edium y 1 heat 27 a Se OES Te 
pecan Y Agi Medium y foi Mediumy A Mediumy AAN 
AAN f 43; AR; £45 145 


4 ‘i a # 


6) The largest angle of refraction for a light beam passing from water 
SE 4 ee 

of refractive index „t0 h S 

a) 41.82° b) 48.59° c) 90° d) 180° 


7)A light ray fallsfrom air on a liquid surface. If the angle of incidence 
is 30° and the angle of refraction is 22°, then the critical angle for the 
ray when it passes from the liquid to.air is ............ 


a) 22° b) 30° c) 41.4° d) 48.5° 

8) The critical angle between two media depends on.............. 

a) the absolute refractive index of the optically denser medium only 
b) the absolute refractive index of the optically rarer medium only 
c) the absolute refractive indices of the two media 


d)The angle of incidence of the light ray on the boundary surface 
between the two media 
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10) Three transparent materials have absolute refractive indices nx, 
ny, and nz, a light ray is incident on the interface of each of them 
with air as represented in the following figures 


AN 
a 


k 
| 
Al | | r | i f- } 
tl me Alii 
| 


ae] He | i 
eH TH OEP ESP 
(b) C 
So the Ta of digni e a. : 
a) is higher in medium x b) is higher.in.medium y 
c) is higher in mediumz d) is the same inall of them 


11)_The opposite figure shows the 


paths of two light rays, so what is the (1) 
correct order for the absolute 
refractive indices of the three media © 


5 i 
Key and z: Medium z hH 
a) nz < ny< nx b) ny < nx < nz j ——— Bi 
c) nz < nx < ny d) nx < ny< nz z 


12) Which light color has the least value of critical angle in glass 
surrounded by air ............... 


1) Red b) Green c) Yellow d) Violet 
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Essay questions: (explain the followin 


1- Despite the falling of a light ray from _an optically denser 
medium to an optically rarer medium, it doesn't undergo total 
internal reflection 


2When light is emitted from a source beneath the surface of 
water, it might not be seen in air. 


3 Optical fibers are used in medical endoscopes. 


4Prisms are preferred to mirrors as reflectors in some optical 
instruments. 


5 The appearing of mirage in hot deserts. 
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Chapter 2 
Lesson 4: Deviation of light,in triangular prism 


The angle of deviation (a): 
It is the acute angle between the extensions of the incident light ray 
and the emergent light ray. 


Deducing the laws of triangular prism: 


In the triangular prism shown in the opposite figure: 


( A \ is the apex angle of the prism (the angle between the two 
/ n 

“ faces of the prism where the light ray enters through one re 

of them and emerges from the other one) n) 


}.-- 


is the first angle of incidence (where light enters) 


is the first angle of refraction 


is the second angle of incidence (inside the prism) 


is the angle of emergence 
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Hence we can deduce each of: 


A): 


ris 


First The apex angle o 


ad Lab , de Leb 

ie. Z bad =90° , Z bed = 90° 

, Lbad+ Z bed = 180° 

. Shape abed is cyclic quadrilateral, 

.. The sum of each two opposite angles = 180° 
A+ 35 180° 


From @ and @ 
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fe REM 


In the triangle acd : 
’ The sum of angles = 180° 
s 0 +4, +3= 180° 


A+3=0 46, +3 


Second The angle of deviation (a): 


© b b 
= 
tT 
BE i a = | 
—— | 
=i+ @ >- 9, =2+ o, ‘ The angle of deviation is an exterior | 
| el they are vertical opposite angles) | angle of the triangle aec. | 
a. 3=6,-4, sant 
= — From @ and @ —_________L 
? 
f a=0, -6,+6,—-9, 


=o, +8, —(0, +$) 


vA=0,+9, 


= a=o,+8,-A 


J 


a et ct te o 
Third The refractive index of the material of the prism (n): 


When. a light ray passes from a medium to a prism such that if the 
medium is: 


Air Other medium, not air 
į [j 
Then i 
a S 
sin Q, n = prism _ Ps etm 
a a an. medium prism” N  — gin 
medium 1 (prism) 


A prism sin Gg 
prs SI 1 (prism) 
i 2 (medium) 


sin 8, (ain) 


BETIE 
=~ 2 (prism) 
sin >, (prism) 


a 
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If the triangular prism is surrounded by air, then the factors that 
affect each of: 


1) The.refractive index of the 


The angle of refraction (01) | are: prism for the used ion (n) 
2) The first angle of incidence (@1) 


The second angle of (@2) 1) The refractive index of the 
The angle of emergence (82) | re: prism for the used ii (n) 
The angle of deviation (a) ` | 2) The first angle of incidence (g1) 


3) The apex angle (A) 


Special cases for the triangular prism: 


@ When the light ray fallsnormalon © When the light r: ray emerges ges normal’ 
the face of the prism 


from the face of the prism 


The ray 
enters through face xy without any emerges from face xz without any 
refraction refraction 
SN y 
| i, \ 
7 \ 
y z 
Such that 
See 
$, = 9, =0° (the minimum value for $2 = 0, = 0° (the minimum value for 
the first angle of incidence) the angle of emergence) 
So that 
), =A (the maximum value for 9, =A (the maximum value for 
the second angle of incidence) the second angle of incidence) 


| _ At the emergence of the ray from face xz 


a=6,—A a=, - 
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© When the second angle of incidence (d_) equals the er itical angle of the prism: 


In this case 6, is the minimum anele of incidence 
on the face o 

| tangent tot 
a Q. 


n= 1=0 
sin È 


@ When the second angle of incidence (inside the prism) is greater than the critical 
angle of the prism: 


The ray encounters total internal reflection where: 
The angle of reflection = The second angle of incidence 


And the ray falls on the third face of the prism. 


Notes: 
(1) The graph of the second angle of incidence 


(@2) versus the angle of refraction (81) can be 
represented as shown in the opposite figure, 


where: @2=A=0; 


+s; 


(2)Whena light ray is incident with an angle (@1) on one of the faces 
of a triangular prism such that the second angle of incidence (@2) is 


less than the critical angle (@c), the ray emerges from the opposite 
face with anangle of emergence (82) and when increasing the first 
angle of incidence (1): 


: : : . _ Sin @1 
The first angle of refraction (01) increases since "=< 


The second angle of incidence (Ø2) decreases since A= 92+, 
Sin 02 
The angle of emergency (02) decreases since n= 


Sin @2 
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Exercise (6) 


Choose the correct answer: 


1) The opposite figure represents the path of a 
light ray through a triangular prism, what is the 


mathematical expression that relates correctly fe Y 

angle x with the other shown angles in the figure? f- \ 
a) x=a+d b) x=a-b c) x= b-c d)x=b+c 

2) In the opposite figure, which angle represents | A 

the apex angle of the prism when calculating the 7 M 

deviation angle of the light ray? / R 

a) Angle x b) Angle y s \ 

c) Angle z d) Any of them | ie, 


3) A ray of light falls on a triangular glass prism at an angle of incidence 
of 45° and emerges with an angle of 52°. If the refractive index of the 
prism material is 1.5, thenits.apex angle equals ..... Amm. 


a) 28.13° b) 30.18° c) 31.69° d) 59.82° 
4) Which of the following graphs represents the relation of the second 
angle of incidence (@2) versus the angle.of refraction (8:) for a light ray 


that getsiincident on the face of a triangular prism with different angles 
of incidence? 


> 2 92 Q> 
N 9, K 8, VA 8, 


© 


—o 


d) 


5) The opposite figure shows the path df a light 
ray through an equilateral triangular prism of 
refractive index 1.5, so the value of angle O 
equals............ 

a) 47.2° b) 43° c) 54.8° d) 27° 


6) The opposite figure shows the path of a light 

ray through a triangular prism, then the angle ‘. yay 
of deviation for the ray equals............... er ey oy ‘i, 
a)22° b)28.38° c)30° dd) 30.38%  / ` 4 
7) In the opposite figure, what is the effect N 

of increasing the angle of incidence (@:) on Fy \ 

the angle of refraction (8:) and the second 


angle of incidence (@2)? 


a) Both angles increase. 
b), Both angles decrease. 


c)(@:) increases and (@2) decreases 


d )(@:) decreases and (@-2) increases. 
8) In the opposite figure if (@:)> (@:) 
anda. = Aso the angle of incidence (@:) could 


be equal. to ............ 
a) | A b) A c)' A d)2A 
2 2 


9) In the opposite figure, if the refractive | 
index of the prism's material is 1.5, then the 50N ae 
value of angle (8) almost equals.............. | 
a) 20° b) 18° c) 15° d) 10° 
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10) The opposite figure represents the path of 


a light ray through a triangular prism, hence yf i 

the deviation angle of the light ray equals... p” Fr ~e 
a) 65° b) 53.9° f we" 
c) 45° d) 28.9° a 


11) In the opposite figure, a ray falls 
perpendicularly on face yz of a triangular 


prism. If the critical angle of the prism's N 
material is 42°, which-statement of the : 

ea 30° 
following is correct? \ 
(a) The ray passes through face yz without \ 
deviation. 
b)The angle of incidence of the ray on face b X 
xysequals 60° * T Z 


c) The ray gets reflected totally on face xy. 
d) All the previous. 


12) The apex angle of a triangular prism is 30°, a light ray falls 
perpendicularly on one of its faces, so it gets deviated by an angle that 
equals 20°, so the refractive index of the prism material is ................. 


a) 1.25 b) 1.44 c) 1.53 d) 1.66 
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Chapter 2 
Lesson 5: Minimum Deviation in a 


Triangular Prism and Thin Prism 


The opposite figure represents the 
incidence of a light ray perpendicularly on 
face ab of a triangular prism abc that is 
placed on a rotatablevdisk, so if the disk 
has been rotated to increase.the angle of 


incidence of the light ray (g1), then 
measuring the angle. of emergence from 


€ Laser source 
ey 
i N 


h / 
Ai N a c 


face bc multiple times and after that Rotatablie\ì\i N5. 
P disk me 


calculating the angle of deviation (a) each 
time from the relation: 


a = Øı+02:-A 


Then, when plotting a graph of deviation angle (a) versus the first angle 


of incidence (Ø1) for the light ray, we find that: 


AT asmall angle of incidence (81), the angle 
of deviation (a) will be large and as the first 
angle of incidence (@1) increases, the angle 
of deviation (a) decreases. 


At a certain angle of incidence { o), the 
angle of deviation reaches its minimum value 
(ad. hence in thistase the prism becomes in 


Bha EH EMIYEYE incidence 


(@1) above its value at the minimum deviation 
position, the angle of deviation (a) increases 
again. 
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It was found that at minimum deviation position: 


The angle of emergence (@2) = The angle of incidence (G1) = Øo 


The second angle of incidence (@z) = The angle of refraction (01) = Oo 


Calculating the refractive index of the prism's.material at the 
minimum deviation position: 


>, =9,=6, 8,=9,=9, 
~ a=b +0,-A ~ A=0, +0, 
y x =20 -A “ A=20, 
a +A , A 
oO Ae — 
0 = 3 o 2 


“a 


Applying Snell’s law: 
‘ai sin 9 


N nedium ii >, Z N prism o 


So, if the medium surrounding the prism is: _ 


F Another medium 
Air other than air 
_ sin (A 


m | ae 
prism sin 0, 


Prism _ sin D, 


S sın A 


, (a,+A 
Ns rism sin ( ? ) 


AE AE sin (4) 
5 
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The relation between: The second angle of incidence (02) and the 
angle of refraction (91) in triangular prism: 


The first angle of refraction (01) and the second angle of incidence (2) 
are related by the relation: 


A=0; 
“^ O2=A -O; 


Since the apex angle (A) is constant for the same prism, so 


as @; increases, @2 decreases and the relation between them (61,02) can 
be represented as follows: 


p, = 0, =0 ; Q =A 


The light ray falls perpendicular to the face of the prin 


g=8 5 9 =4, 
. The prism is at the minimum deviation position 


p, = 9, =0 l 0 =A 


\. The light ray emerges perpendicularly from the prism’s face 
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The factors on which the angle of minimum deviation () depends in a 
triangular prism: 


The apex angle of the prism (A) : 
i | The apex angle of inma aN The minimum angle 
i 


the prism (A) of deviation (a) Increases | 
cee ee ellis Ak EE 
The refractive index of the prism’s material for the used light (n) : 
~~ moa A . ia A ae, 
As The ae = K z a" Increases. The minimum angle \ — 
[{_ ee) LL steeviation(a,) | 


The wavelength of the used light () : 


A 


— 
| The wavelength of 
-the used light (A) 


Note: oan 


* In the minimum deviation position, the light ra 
to the base if the prism is: 


PA A NEEE. 
| 1] Equilateral je Te) | 


Tsosceles 


Derenin, The minimum angle 


of deviation (a) / Incteases 


y inside the triangular prism will be parallel | 


t 
t 


_ (for the two sides through which the ray enters ` 
and emerges) 
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Example 1: 


A triangular prism is made of a material whose refractive index is V2 
having an apex angle that equals 60°, calculate: 


(a) The minimum angle of deviation in the prism. 


(b)The angle of incidence and the angle of emergence at minimum 
deviation. 


Example 2: 


A triangular prism has ah apex angle of 60°. Ifthe first angle of 
incidence equals double the angle of refraction at the minimum deviation 
of a red light ray through that prism, calculate the minimum angle of 
deviation. 


Example 3: 


The opposite graph represents the relation between the angle 
of deviation (@) for alight ray passing through a triangular 
prism and the 


first angle of incidence (@:) on the face of the prism, calculate: 


(a) The apex angle of the prism. 
(b) The refractive index of the prism. 
(c)The angle of emergence from the 


prism at point x. oe 


Dispersion of light by the triangular prism: 


Visible (white) light consists of a range of wavelengths that extends 
nearly from 400 nm to 700 nm, hence if a beam of white light falls ona 
triangular prism in the minimum deviation position, it emerges from the 
prism separated into a spectrum of colors that can be assigned to 
seven colors of spectrum which can be listed as their order from the 
apex to the base of the prism as follows: 

Explaining the dispersion of light by a triangular pris 


As the wavelength (A) of light increases, the index of refraction (n) 
which this light encounters at entering the prism decreases, hence,the 


angle of deviation (a) of a ray of that light through the prism decreases, 
therefore we find: 


—=, 


Red light has the least angle of deviation because 
it has the longest wavelength and as (n œ E- J; 
red light encounters the least value of refractive 


\ index for the prism and the sma! deviation, 


q 
j \ Ñ A 7 
| \ Violet light has the largest angle of deviation 


because it has the shortest wavelength and 
hence it has the largest refractiy 


| e index and 
\_ the largest deviation, 


—— 


The dispersion of light happens distinctly when the prism is set in 
minimum deviation position 


Thin Prism: 


It is a triangular prism that is made of a ii 
transparent material (like glass) and has a b 
very small apex angle that does not exceed Cat 

10° and it is always in the position of — 
minimum deviation 


EN, 


1) (2) 5) 
» Some concepts related | D | YY (3) — 
P iis Deviation angle | Angular dispersion . 


to the thin prism ~» Dispersive pow?" 


1- Deviation angle 
Deducing the deviation angle in the thin prism: 


-e The thin prism is always in the position of minimum deviation when 
itis surrounded by air. 


When the thin prism is surrounded by air, the refractive index (n) 
of its material can be determined from the relation: 


) 


a 0+ 
A 2 


sin( 
n= 


a0+A T : 
os > tp are smaller angles, then the sine of these angles is 
approximately equal to their angles in radians. 

a0+A 


2 __aor_ ao+A 
- A ~ A = 
2 


Notice that the ratio between the angles in radians equals the ratio 
between them in degrees. 
Qo+A - An «Ao = A (n-1) 


When the thin prism is putinany other medium other than air, the angle 
of deviation will be determined from the relation: 
Nprism 


Qo = A (—— —- 1) 


Nmedium 
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The factors on which the angle of deviation (Qo) in the thin prism 
depends (when the prism is in air): 


1 The apex angle The refractive index O, 
of the thin prism 4° of the prism material 

| “directly proportional” í for the used light 

| AS) | 

| A a 1 a, 
Slope = 2% =n-] [A Slop¢=—,,, “=A 

ope=—5 ah 
\ j \ 
—_- ee Paa 
n- 1) ) 
Notes: 


(1) Ao in the thin prism doesn't depend on the first angle of incidence 
and it doesn't exceed 10° 


(2) The angle of deviation in the thin prism depends on the wavelength 
of incident light (A) 


(3) When plotting a graph of deviation angle 


(Ao) for multiple thin prisms that,have equal 
apex angles versus (n -1), the opposite graph 
will be obtained where: 180 


Aao P 
lope = - A rail 
Slope A(n—1) — (n- 1) 
(4) To convert the value of an angle from degrees into radians and vice 
Oraa _ O aeg 


versa, we use the following relation 
180 
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And from the following table, we find that the sine of small angles 
(sin@) equals approximately the values of these angles in radians (Oraa): 


Oaeg | 90 60 30 10 4 1 
Sin |1 0.87 0.5 0.1736 | 0.0698 0.017 
Oraa 1.57 1.05 0.52 0.1745 | 0.0698 0.017 
Oraa = Sin 0 
(At small angles 
Example 1: 


A thin prism has an apex angle of 7° and refractive index of 1.5. Calculate 
the angle of deviation of light imthe prism. 


Example 2: 


The opposite graph depictsthe relation 


between the, deviation angle (Qo) of a 
light ray through.multiple thin prisms 
which are made of the same material 
and the apex angle (A) for these prisms, 
calculate the refractive index of the 
material of which the prisms are made. 
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O (degree) 


A(degree) 


(a)  ( Beforesubmerging \ ___{ After submerging ` 


\ the prism in the liquid ila K the prism in the liquid f 
(a) A (n = 1) ; (a,).= A ( Miauid a 1) 
ES : 
- a 1) ax 
4 =A(n 1) Cd) 2= A a= 1) (2) 
By dividing equation @ ) by equation (2): 
4_ A(n-]) 
Z fn 
a(5- ) 
n — 
2 Ga —-1)=n- 1 
2n KE RR) 
I2 ~2=n=— 1 


e s A 
(b) By substituting with the value of n in equation ( 1 ): 


4=A(1.5—1) = A= 8r 


2- Angular dispersion: 
Deducing thesangular dispersion in thin prism 
The thin. prism is always in the position of minimum deviation and the 


angle of deviation (do) depends onthe refractive index (n) of the thin 


prism for the falling light ray which in turn depends on the wavelength 
(A) of thefalling light ray. 


A CHF 
? ee 4 K, = [(0.) a CAN 


7 Red light 
j] 
White light / Y — 
/ Blue light 
mca \ 
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The angle of deviation (Go) of the light ray changes by changing the 
wavelength (A) of the ray, so the thin prism disperses the white light 
into the visible spectral colors, where we can determine: 


@® The angle of deviation of 


: The angle of deviation of 
the red light 


the blue (violet) light 
(the least angle of deviation for the colors | (the largest angle of deviation for 
of visible lish | 


E the colors of visibie light) 
; From the relation 


(x), =A (n1) CI (4),=At@a,-1) (2) | 
| Where | 
| (n) is the prism’s refractive index for red | (n,) is the prism’s refractive index for 
| light ; 

| blue light — 
1, >n, i (a), > (œ); 


By subtracting the two previous equations (1) and (2), we get the value of the angle between 
the two emergent rays (blue and red): (a), ~ (Œ) =A(n,-1)- A (n,. - 1) 


(a)y — (Œœ), =A (n, — n.) j 


The value {[(đo)— (Ao),] is called the angular dispersion between the 
blue andthe red rays. 


The angular dispersion: 


It is the angle between the extensions of the red and blue rays after 
their emergence from the thin prism. 


Or it is the difference between the deviation angles of red and blue 
lights in the thin prism. 
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The factors on which the anqular dispersion depends: 


© The prism’s refractive indices 
for both blue and red | 
lights o, == n) 


9° The apex angle of 
the prism (A) 

“directly proportional” 

= (), E7 (Q,)- | 

(A)b (Oy)p A (CON L (@)] } 


A [œ ), — (œ )] . | 
Sone. LIE Slope = —— = 
lope AA Fä ai A (a, - n) i 
= ng - ne y i z AA 
< $ j \ b “r 


Re. à = f pE Ni Leana a eae Anakaa Y 


CAN er (a). A A (n, - n,) 


Note: Yellow light is considered the intermediate between the blue and 
red lights, so we can define: 


The average refractive index (ny): | The average angle ot deviation 
(Ao)y: 
It is the refractive index of It is the angle of deviation of 
yellow light (ny). yellow light (Go), 
Pe (ay = 


3- Dispersive power: 


Each transparent material if shaped as a thin prism have a 
characteristic dispersive power that distinguishes a material from 
another and it can be defined as follows: 


The dispersive power (Wa): 


It is the ratio of the angular dispersion between blue and red lights to 
the angle of deviation for the yellow light (the average angle of 
deviation) 
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Deducing the Dispersive Power 


(ao) — (do), = A(ny-n,) , (do)y =A(ny-1) 
^ wa _(ab— ar = A(nb—nr) 
~ (ao)y A(ny—1) 


ee (nb—Nr) _ (mb—nr) 


(ny-1) GbE) 4) 


Where: (ny) is the refractive index of the prism for yellow. 


Notice that dispersive power.(Wwa) is dimensionless 


i.e., has no measuring unit because it is a ratio between.two quantities of 
the same type. 


The factors on which the dispersive power of a thin prism depends: 


It depends on the prism's material refractive index only not on the apex 
angle of the prism nor the light.angle of incidence on it. 


Note: A rectangular glass block does not disperse light because it acts 
as two similar reversed triangular prisms; one Counter acts the 
dispersion of the other. 


prey white se 


j \ f 
Beamof / _ \Colored\, / 
white light Light ~ 
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Example1: 


A thin prism has an apex angle of 8°, its refractive index for the red 
light is 1.52 and its refractive index for blue light is 1.54, calculate: 


a) The angle of deviation for each light color. 
b) The angular dispersion for the light in the prism. 


c) The dispersive power of the prism. 


Example 2: 


Two thin prisms have equal angular dispersions, the first prism is made 
of flint glass of average refractive index 1.6 and dispersive power 0.036, 
while the second prism is madesof crown glass of average refractive 
index 1.5 and.dispersive power 0,028. If the apex angle of the second 
prism is 7°, calculate the apex angle of the first prism (A1). 
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From the previous, we can compare between the normal prism and the 
thin prism as follows: 


The normal prism 


The thin prism 


Th 
uke Large (more than 10°) Small (less than 10°) 
angle(A) 
The ; 
sing1_ sind Qo+A 
refractive n= = : n= 
index (n) sin61 SIN@2 A 
The angle Qo = A (n-1) 
of deviation aA=@O:+O2-A Always at the minimum 
(a) deviation angle 
One ofthe positions at 
The which the triangular prism | Always inthe position of 
minimum can be set in which its minimum deviation where 
deviation | refractive ~~ iS given | the angle of deviation is 
es y: : . 
position sin 4044) determined from 
= 2 Qo = A (n-1) 
sin “~ 
2 
-Spectral dispersion of 
light into its.components 
of wavelengths. ee 
ieee ~ As alfeflecting prism in Dispersion of light into its 


some optical devices such 
as periscope and 
binocular. 


components of wavelengths. 
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Exercise (7) 


Choose the correct answer: 


1) When the prism is being in the minimum deviation position, the 
refractive index of the prism is determined from the relation............ 


ey s; Sin(a@o+A » 4 
ae us cA dn 
Sind2 Sin@2 poe Sin a 


2) The deviation angle for a light ray that passes through an equilateral 
triangular prism in the minimum deviation position is 30°, then: 


(i) The angle of incidence of the ray on the prism face equals ............ 
a) 30° b) 45° c) 60° d) 90° 

ii) The emergence angle of the ray from the prism equals 

a) 90° b) 60° c) 45° d) 30° 


3) A triangular prism has an apex angleof 60° and a refractive index of 
VZ, then the angle of deviation and the angle of incidence at the 
minimum deviation position respectively are. 


a) 30°,45° b)45°, 30° c) 60°,45° d)45° 60° 


4) The opposite graph shows the relation 
between the angle of a deviation (@) and the 
first angle of incidence (@1) for a light ray on 
one of the faces of a triangular prism, so: 
(i) The apex angle of the prism equals 
a) 30° b) 45° c) 60° d) 90° 
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ii) The absolute refractive index of the prism material equals ................. 


a) 1.5 b) v2 c) 1.33 d) v3 
iii) The emergence angle of the ray at the position of x equals.................. 
a) 30° b) 37° c) 45° d) 75° 


5)If a light ray is incident on an equilateral triangular prism and 
undergoes the minimum deviation, the second angle of incidence, inside 
the prism equals.............. 

a) 30° b) 45° c) 60° d) 90° 


6)A glass prism in which a light ray has deviated with_an angle that 
equals its first angle of incidence that equals 60° has an apex angle of 
60°, so the refractive index of the prism's material equals ............ 


1 1 
V2 b) __ V3 d) __ 
a) ) T c) ) 


V3 


7) A light ray is incident on an equilateral triangular prism, if the angle 
of incidence=The angle of emergence.= 40°, then: 


(i), The angle of deviation of the light ray equals 
a) 20° b) 40° c) 60° d) 80° 
ii) The refractive index of the prism's material equals ............ 


a) 1.1 b) 1.15 c) 1.29 d) 1.53 
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8) A light ray is incident with an angle (G1) on one of the faces of an 
equilateral triangular prism, hence it gets refracted by an angle of 30°, 
what happens to the deviation angle of the light ray (a) when increasing 
or decreasing the angle of incidence (@1) by 5°? 


Increasing (@1) Decreasing,(@1) 
a) Deviation increases Deviation decreases 
b) Deviation increases Deviation increases 
c) Deviation decreases Deviation decreases 
d) Deviation decreases Deviation increases 


9) The ratio between the refractive index of the material. of a 
triangular prism for violet light and the refractive index of the 


violet, . 


material of the same prism for red light (7) is ......... 
Nred 

a) greater than one b) less than one 

c) equal to one d) indeterminable 


10) On increasing the wavelength of an incident light ray on one of the 
faces of a triangular prism in minimum deviation position, the minimum 
deviation angle.............. 


a) increases b) decreases 


c) doesn't change d) cannot be determined 
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11) The opposite graph shows the relation between the second angle of 
incidence (Ø2) and the first angle of refraction (81) of a light ray falling 
into a triangular prism. If the angle of minimum deviation is 30°, so: 


The refractive index of the prism equals D2 
a) V2 b) 1.48 60° KX 
c) v3 d) 1.55 
30° 4 
Z 8, 
30° 60° 


12) If a narrow beam of white lights falls on one of the faces of a 
triangular prism set in the minimum deviation position, which of the 
following figures shows how this beam of light disperses? 


Red 


= 


, “Violet 
(a) 
— {b> 
A 
#: \ 
2 . 
ee ee à 
j R Violet 
f R 
j Ss 
ART Red ™ Violet 
(c) 


13) A thin prism with an apex angle of 8° refractive index for red light 


1.4 and for blue light 1.6, then the average angle of deviation for white 
light through it equals............ 


a) 16° b) 12° c) 8° d) 4° 
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Essay questions: (explain the followin 


1In the same triangular prism the angle of minimum deviation changes 
by the change of the wavelength of the passing light through it. 


2When white light falls on a triangular prismsthe deviation of the 
violet light will be greater than that of the red light. 


3Triangular prisms disperse white light while the transparent cuboid 


slabs don't. 


e What happens when a beam, of white light falls on a triangular 
prism adjusted in the minimum deviation position? 
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Chapter 4 


Lesson 1: Fluid: Flow 
The states of matter: 


the solids have 
definite shape and 
volume. 


regular pattern, so 


You have studied in the previous years that matters canbe-found in 
one of three states: 
Solid Liquid Gas 
Its molecules are 
Lis molecules are 
Its molecules are | close together with separarea y 
tightly packed (the no regular relatively large spaces 
spaces between arrangement and with no regular 
them are very small) |\they can move and | arrangement and they 
and\they are locked slide past each 
into their places ina 


other, so a liquid 
doesn t have a 
definite shape and 
it takes the shape 
of its container, so 
it is called a fluid. 


definite shape but it 
takes the shape of its 
container, so it is 


move freely at high 
speeds, so a gas 


doesn't have a 


called a fluid. 


Examples 


Y 


/ Wood ` 


Exam aples 


Examples 
- = 
cal S 
and C U.. 
and Ti oil J pois 
_gilass gas 


s 
Cas y 
fe ae 


\ 
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From the previous, a fluid can be defined as follows: 


A_fluid: h a 
| 
a 


It is a material that can flow and has no definite 
shape. Like liquids and gases. 

In this chapter, we will study only two of the properties of the moving 
fluids which are: 


1- Flow 2- Viscosity 


And in this lesson, we.will study the flow of liquids in some detail. 
Flow: 

The flow of liquids are classified.into two types: 

a) Steady flow b) Viscosity 


a) Steady flow 


Whena liquid moves such that its adjacent layers slide smoothly over 
each other, we describe this motion as a laminar flow or a streamline 
(steady) flow, where every small. amount of the liquid follows a 
continuous imaginary path called streamline. 


Characteristics of streamlines: 


1) They are imaginary lines thatedo not intersect. 

2)The number of streamlines at any 

cross-section of the tube is constant. 

3) The direction of the instantaneous velocity (v) of a small amount 
of a liquid at a certain point along a streamline is determined by the 
tangent of that streamline at that point 


Unit area 


- st ener: — 
molecules TA aii 
\ 


dt Be 


Streaniine flow 
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4. The flow speed of a liquid at a point is determined by the density of 
streamlines at that point, so the speed of fluid flow increases by 
increasing the density of streamlines at that point and decreases by 
decreasing the density of streamlines. 


Density of streamlines at a point: 


It is estimated by the number of streamlines 
that pass Perpendicularly through a unit area 
surrounding that point. 


Conditions of steady flow : 


1. The speed of the liquid at one given point along the path of the liquid 
remains constant and does not change as time passes. 


2. The flow is irrotational ,i.e. there is no vortex motion. 


3. No frictional forces exist between the layers of the liquid. 


4.The flow rate of the liquid should,be constant along its path because 
the liquid isincompressible and its density does not change with distance 
or time. 


5. The liquid fills the tube completely such that the amount of liquid 
(volume and mass) that enters the tube at one end equals the amount of 
liquid that emerges from the other end in the same time interval 
according to thelaw,of mass conservation. 
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Example 1: 

The opposite figure shows a liquid flowing steadily in a tube from one 
terminal to the other, so the ratio of the numbers of streamlines 
through the cross-sections x‘y:Zis .......... 


a)2:1:4 b)1:2:4 A we y 
— > \ 
c)2:4:1 d)1:1:1 A — | 
\ F 
Solution 


In the steady flow, the number of streamlines through any cross-section 
of the tube remains constant where the streamlines don't intersect. 


So the correct choices d) 


Density (p): 
It is the mass of a unit volume of the material. It is measured in kg/m? 
and calculated from the relation: 

m 


A 


Flow. rate 


Consider a quantity of volume (Vol) and mass (m) of a liquid of density(p) 
flowing through a cross-sectional area of a tube (A) at velocity (v), where 
it covers a distance Ax in time At as in the figure, then: 
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Volume flow rate (Qr) 


Mass flow rate (Qm) 


Concept The volume of liquid that | The mass of liquid that 
flows steadily through ad flows steadily through a 
definite cross-sectionof | definite cross-section of 
a tube in one second. a tube in one second. 

Deducing the Vo = A *Ax m= p* Vol 

relation 


Measuring unit 


Graphical 
representation 


Slope = 


AV a 
z ia 


lope = AM — 
Slope = Ai =Q 


m 


From the previous, we conclude that: 


When the liquid flows steadily across a tube, the flow rate (volume or 
mass) will be constant at any cross-section of the tube. 
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Deducing continuity equation (the relation between the liquid flow 
speed and the cross - sectional are of the tube: 


Assume two different cross-sections of a tube that contains a liquid of 
density(p), flowing steadily as in the following figure: 


AX, 


AX, 
In the first cross-section (A1),| In the second cross-section (A2) 
The volume flow rate 
Qv= A1*vi Qv =Az2 = v2 
The mass flow rate 
Qm = p*A1*vi Qm = p * A2 * v2 


- The liquid flows steadily. 


The flowrate (volume or mass) is constant at any cross-section of the 
tube. 


~ p*A1*vi = p * A2 * v2 - A1* vi = A2 * v2 


.| v1 A1 š o p PEDR è 
ER- this relation is called the continuity equation. 


~ A = nr? , where r is the radius of the tube cross-section. 


where d is the diameter of the tube cross-section. 
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From the previous, we can conclude that: 


The speed of liquid that is flowing steadily in a tube at any point is 
inversely proportional to the cross-section area of the tube (as well as 
the square of the radius of the tube and also the square of its diameter) 


at that point. 


When the liquid 
of branches of: 


lows steadil 


in a tube that branches into a number 


Different cross-sectional areas 


The same cross-sectional area 


A> 8 
\ | - EN =f y 
rnn a A Ż 
\ Dax E aaa 
| W ) 
< i Í es \ | a wr 
ee \4 ‘ E e oe AND 
RS ~ Z 
~ V4 fh Va 
Then 
Aiv1 = A2V2 + A3v3 + Aava Aivi = NA2v2 


(where n is the number of branches) 


rv; = 12V2 + T2v3 + T2v4 r2 Vi = nr2 V2 
1 2 3 4 1 2 
d2v; = dv2 + d?v3 + d2v4 d2v, = næ v2 
1 3 4 1 2 
Notes: 


1) When a liquid flows steadily in a tube of non-uniform cross-sectional 
area, we can represent the graphical relation between: 


1 
a) Velocity of the liquid(v) and reciprocal of the cross-sectional area( _) 


A 


b) Velocity of the liquid (v) and reciprocal of square of the cross- 


1 
sectional radius (3 
r 


105 


Velocity of the liquid (v) and Velocity of the liquid (v) and 
reciprocal of the cross-sectional | reciprocal of square of the cross- 


1 f : 
area (_) sectional radius (_ ) 
A r2 


= 2v 
TT 


Slope = 


2) When opening multiple taps together to fill a container with a liquid 
such that the flow rate of the liquid from each tap is (Qr): (Qr)2 , (Qv)3 


then the total flow rate (Qr) of filling the container is calculated from 
the relation: | Qv= (Qv):1 + (Qr)z + (Qr) 


(3) When a liquid flows steadily in a tube, then at any cross-section of the tube; 


Í Q, (Yolume flow rate) 


L. 


aE = ey 
YY s "E N _ 4 l 

| Av | Trzy | | Qin “2 

| p | z t 


—— oer » } \ 4 


(4) When a liquid flows in a tube with two different cross-sectional area, 


| To compare the liquid flow at both cross-sections 


106 


Example 1: 
Water flows from a water tap in the rate of.0.5 kg/s, so the time 
required to fill a container of volume 2 musing this tap is............ 


(Where Pwater = 1000 Kg/m?) 
a) 103 s b) 4x 103 s c) 104s d) 4104s 


Solution: Qm = 0.5 kg/s Va= 2m? Pwater= 1000 Kg/m?  t =?? 
Vo Voi +p 2 x1000 


Va= Qvt so Em- — - —__ - 4x 10's 
Qv Qm 0.5 
Example 2: 
The opposite figure shows a water container . y 
of volume Va, which can be filled using two «3 "Sen 


water taps x and y such that if only tap x is =. 
used, the container takes 15.minutes to be | 
filled but if only tap y is used, the container 

takes 30 minutes to be filled, them the time | 
required to fill the container by using the two | 


taps. x and y together is aa 
a) 5 minutes b) 10 minutes c) 15 minutes d) 20 minutes 
Solution: tx = 15 minutes ty = 30 minutes = ??? 
Vai 
Qv = Qvx + Qvy » Qv= 
t 
Va (Voa)x (Va)y 
= + 


t tx ty 
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But the Volume (Va) of container is fixed. 


11 1 pag eq = 
t 


So t = 10 minutes 


Example 3: 

A liquid flow steadily in a tube as the 
opposite figure. If. the cross- 
sectional area of x,y, zareA, A, 2A 
respectively and the liquid speeds at 
the cross-section»x, y are v, 2v 
respectively, then the liquid speed 
at.zequals ............ 


A) 2v b)ê v c)2y d)v 
3 2 
Turbulent Flow: 
The flow of fluid becomes turbulent mpenn <= 
i i : e 
which is characterized by the => oe 
= So a 
presence of small eddy currents —=——— — 
forming vortices as in the figure Eddy currents 
when: 
-The speed of. the fluid exceeds a 
certain limit. 
-A gas transfers from small space ~ 
to a wider space or from high | 


pressure to low pressure 
Turbulent flow of the sinoke 
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Exercise (8) 


Choose the correct answer: 


1) In steady flow, when the cross-sectional area of the tube decreases, 
the density of streamlines ......... 


a) increases b) decreases but doesn t reach zero 
c) vanishes d) remains unchanged 


2)The number of streamlines of a liquid which passes perpendicularly 
through a unit area surrounding a certain point indicates ......... 

a) thediquid speed at that point b) the volume flow rate 

c) the mass flow rate d) the liquid density 


3)In the opposite figure, a liquid flow steadily ina tube, so the physical 
quantity which is greater a cross-section x than atscross-section y is .... 
a) the liquid speed 
b) the volume of the flowing liquid in unit time 
c) the mass of the flowing liquid in unit time 
d) the number of the streamlines through the cross-section 


4)Water flows steadily ina tube of diameter 2 cm at a speed of 5 m/s. 
Thus; 
(i) The volume of water which is flowing through the cross-section of 
the tube in one-minute equals .......... (where n=3.14) 
a) 9.42 m? b)019 m3 c)0.0942 m3 = d) 0.001 m? 
(ii) The time required:to fill a tank of volume 20m? by using the 
flowing water fromthe tube is ....... 

a) 127.38 minutes c) 3.54 minutes 

b) 212.31 minutes d) 2.123 minutes 


5) A water pipe has cross-sectional area 4cm? at the ground floor and 
2cm* at the upper floor. If water is flowing steadily inside the pipe such 
that its speed at the ground floor was 2m/s, then: 
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(Given that: Water density = 1000 kg/m?) 
(i) The flow speed at the upper floor is ..... 
a)l m/s b)2 m/s c)3 m/s d)4 m/s 
(ii) The volume flow rate of water at the ground floor equals ......... 
a)4x10* m3/s b)6x10* m3/s c) 8x10* m3/s_ d)12x104 m3/s 
(iii) The mass flow rate of water at the upper floor equals........ 
a) 1.2kg/s b)0.8kg/s c)0.6kg/s d),0.4kg/s 


6)Water is rushing through a pump opening of cross-sectional area 5 
cm? at a speed of 12m/s. The mass of water coming out from the pump 


within 30 minutes isem (Given that: Density of water = 1000 kg/m) 
a) 18.2x10%kg b)15,1x10°kg = c)10.8x10%kg d)8.6x10°kg 


7) The graph that represents the continuity equation for liquids flow is 


y y 


a Reaver 1 


8)Oil flows in a tube x at a rate of 6 liters/minute and gets out from 
another tube y which is connected to the first tube x at a speed of 4m/s, 
then the cross-sectional area of the second tube y equals ......... 


a)1.5x10-3 m2 b)1.5 m? c) 2.5x10° m? d)0.025 m? 


9)If the cross-section of a tube has increased to the double in steady 
flow, then the flow speed ....... 


a) gets doubled b) decreases to half its value 
c) gets quadrupled d) remains constant 
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10) If the ratio between the radii of two cross-sections of a tube in 
steady flow is £ then the ratio between the speeds of the liquid through 
them respectively is 0.0.0... 
a) 1 b) 1 c)2 d)* 
4 2 1 1 


11) A liquid flows steadily ina tube that tapers from radius r at one end 
to radius = at the second end as in the opposite | 

figure, then the ratio between the speed ofthe vi = 
liquid in the first cross-section of the tube and TIRE 


—ipe y 
its speed in the second cross-section of the tube potas F 


a)1 b) Aa c) 1E d) 4 
4 16 1 1 


, 
2 


12) The opposite graph illustrates the relation between the liquid flow 
speed (v) at a point ina tube and the reciprocal 


of the cross-sectional area of the tube (1) at zo 
that point, then: s TZ 
(i) The volume flow rate equals ............ iol 
a)40m?/s b)4m3/s | a 
c)0.4m3/s d)0.004m3/s eb x10 (y 


(ii) The‘mass of the flowing liquid within 30 
minutes if the liquid density is 1000 kg/m? equals .......... 
a) 120 kg b) 1200 kg c)7200 kg d) 7.2x10° kg 
13)An oil pump pumps 1.2m of oil within 60s in a cylindrical tank of 
diameter 4m and height 3m. If the oil density is 820 kg/m3, then: 
(i) The mass flow rate of the oil from the pump opening equals 
.... a)O.02kg/s_ b)5.2kg/s c)16.4kg/s d)18.4kg/s 
(ii) The time required to fill the tank with oil is .......... 
a)27.21 minutes b)31.43 minutes 
c) 42.43 minutes d) 51.54 minutes 
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Chapter 4 


Lesson 2: viscosity 


Viscosity: 
It is the property that causes a resistance or a frictionbetween the 
liquid layers preventing them from sliding smoothly above each other. 


The higher viscous liquid: 
1. Shows higher resistancesto its own motion and its flow. 
2. Shows higher resistance to the motion of bodies through it. 


Explaining the concept of viscosity: 


There are two types of attraction forces between the molecules of 
matter: 


1 Cohesive forces: 


Attraction forces between the molecules of the same substance like 
the attraction forces between the honey molecules. 


2 Adhesive forces: 


Attraction forces between the molecules of a substance and the 
molecules of another substance like the adhesive forces between the 
molecules of a@drop of water and glass. 
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Imagine a quantity of a fluid confined between two parallel plates, one 
of them is static and the other moves with velocity (v) as shown in the 
figure. 


I The layer which is adjacent to ‘nord 
| i i i The remaining layers 
e moving plate is moving wi | 
| th ; l : ing with between the two plates 
the same velocity of the plate (y). | ae angle 
a | 


Moving plate —» are m 


alae 


2 


a 


The layer which is adjacent to 
the fixed plate is static. yg 


This happens due to: 


1.The presence of friction between each plate and the adjacent layer 
of liquid that_results from the adhesive forces between the molecules 
of the solid plate and the molecules of the adjacent liquid layer, so the 
speed of every layer is equal to that of its adjacent plate. 


2.The existence of another force between each liquid layer and the 
layer below it which resists,the sliding of the liquid layers above each 
other causing a relative change in velocity between each layer and 
the adjacent layer. 


This type of flow is called the laminar flow or viscous flow 
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3] 


Directly proportional to the Directly proportional to the Inversely proportional to 


area of the moving layer velocity difference between the perpendicular distance 
(F = A) the two layers between the two layers 
“4 o¢ 
f; | 
s pie ty 
(F œ v) 4 


< 
- 
" 
O] 


- Bo AV 
. F = ~. F = constant x AY 
p ta , nneateny 
rr. | e Fd 
"Ws a da ] | "hs = AY J 
Where: Nys İs the viscosity coefficient that can be defined as: 


Viscosity coefficient (Nvs ): 


It equals numerically the tangential force that acts upon a unit area of 
a liquid causing a velocity difference of one unit between two layers 
separated by a perpendicular distance of one unit. 


The measuring is | N. m2 | Matis that is ( oes | 
equivalent to J sim” 
The factors affecting [ithe viscosity coctticient.- 


Type of the liquid pepernture of the liquid (The liquid viscosity 
ecreases as its temperature increases) 


Examples 


At temperature 20°C: Viscosity coefficient of water at temperature: 


> E Aa Sees = 10 N.s/m? > t= 20°C = Rig 1077 N.s/m? 


> t= 100°C => Ny, = 1.227 x 10° N.s/m2 


vs 


= OW aca = 1.5 N.s/m? 
> Ss Bie ene =109 N.s/m2 
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KOR: OVS T 


The factorsatecung 


Area of the moving laver., 


Difference of vel 
“Directly proportional” 4 wo layers of the liqui 
/ “Directly proportional / 
| Slope = z =i. > F = porti : | É | 
k 7 A Sore ay Med "il vj 
The perpendicular distance 


for many different 
liquids or one liquid 
at different temperatures. F 


between the two layers. 


“Inversely proportional” p 


Viscosity coefficient o fe 4 
Í 
|| 


“Directly proportional” e 
-AF _ Av & 
Slope = An, sa CE 
Example 1: 


In the opposite figure a ship moves in a 
still water lake, so the water speedhis 
less at point... 


a) x b)y 
c)z d) k 


Example 2: 


A plane surface of area 0.5 m? moves at a uniform velocity of 2 m/s 
parallel to another static surface that is separated from it by a layer 
of liquid of thickness 4 cm, if the viscosity coefficient of the liquid is 
15 kg/m.s, then the force required to keep the surface moving with 
this uniform velocity is ........ 


a) 37.5N b) 50 N c) 67.5N d) 150 N 
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Application of viscosity: 
1- Lubrication of machines. 
Machines should be lubricated from time 
to time to decrease the heat produced due 
to friction and to protect the machine 
parts from corrosion and increase its 
efficiency. 
Highly viscous oils are used due to their 
strong adhesive forces with the machine 
parts, since they do not seep away or 
sputter from the machine parts during 
motion 

Note: 


Water cannot be used in lubrication because it has low viscosity, so it 
seeps away from the machine parts due to the weak adhesive force with 
the machine parts. 


2-Saving fuel consumption in moving vehicles: 
-/The rate of fuel consuming in a moving vehicle depends on: 


1. Motion of the vehicle with an acceleration (changing velocity). 


2. Friction forces with: 
- The road. 
- Air (air resistance to the motion of the vehicle). 


When the vehiclesmoves in a uniform velocity (acceleration= zero), so if 
this velocity is: 


Low or medium Higher than a certain limit 


So, the expert driver of the vehicle limits the vehicle speed to reduce 
fuel consumption. 


3In medicine, blood precipitation rate test (the terminal velocity 
of falling of the red blood cells in plasma) 


When a ball falls freely in'aliquid, it is affected by three forces: 


- Its weight. Lion'd resistance to | Upthrust force 
Se the motion of the ball of the liquid 
- Buoyancy (up thrust force) of the liquid. 3 
Friction between the ball and the liquid due ( > 
` r Weight of 
to viscosity. Schall 


So, the velocity of the ball increases gradually till it attains a constant 
terminal velocity due to the balance of these three forces. The 
terminal velocity increases as the radius of the ball increases, so it can 
be determined if the volume of the red)blood cells was normal or not 
by takinga blood sample and measuring its precipitation rate which is 
proportional to the terminal velocity of the falling red blood cells in 
the plasma, for example: 


When 
The precipitation.rateis greater The precipitation rate is lower 
than normal than normal 
it indicates that 
Red blood cells adhere together, Red blood cells break down, so 


so their volume and radius increase. their volume and radius decrease. 


so the terminal velocity of blood cells 


becomes higher becomes lower 


Like the case of 


Rheumatic fever Anemia 


Exercise (9) 


Choose the correct answer: 


1) When a metallic ball falls through a fluid in a jar, the viscosity force 
of the liquid which is acting on the ball depends on ......... 


a) the ball radius b) the liquid density 
c) the ball mass d) the liquid quantity 


2) If the speed difference between two liquid layers gets decreased 
when a tangential force is acting on the upper layer, then at the same 
temperature the viscosity coefficient ................ 

a) vanishes b) decreases but doesn t vanish 

c) increases d) remains constant 


3)The opposite figure shows two identical metal 
balls (x, y) falling from the same height into two x 
identical jars containing similar volumes of oil Q 
and water till reaching the bottoms, then the 
average speed of ball x is......... Ov 

a) greater than the average speedvof ball y 

b) less than the average speed of ball y 

c) equal to the average speed of ball y 

d) equal to its instantaneous speed at the bottom of the jar 


4)A metallic ball has fallen once through water and another time through 
honey, if the average frictional force between the ball and the water is 
F: and between the ball and the honey is F2 then which of the following 
statements for Fiand F2 is correct? 


a) Fi=F2=0 b) Fi= Fe #0 
c) Fi> F2 d) Fi< Fe 
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5)At relatively low or medium speeds of a car, the air resistance due to 
air viscosity IS ........... 

a) directly proportional to the square of thespeed of the car 

b) directly proportional to the speed of the car 

c) inversely proportional to the square of the speed of the car 

d) inversely proportional to the speed of the car 


6)In the opposite figure, if a tangential force 
of 10 N acted upon the upper plate to move it 
at a uniform speed of 3 m/s, then the viscosity 
coefficient of thediquid equals ........... 


a) 0.021 N.s/m? b) 0.48 N.s/m? 
c) 0.75 N.s/m? d) 2.08 N.s/m?2 


7) The opposite figure.shows four windmills of 
identical turbines and blades installed near each 4) A 
other at different heights to be used for f 
generating electricity, so the windmill that has hee 
the greater potential of generating electricity jl 


will be cee A A O 
a) x b)y ” k i 
c)z d)k 


8) A rectangular plate of dimensions 50 cm, 25 cm is affected by a 
tangential force of 15 N which moves it at a constant speed of 0.8 m/s 
on a layer of viscous liquid of thickness 9.375 mm, so the viscosity 
coef ficient of the liquid is ......... 

a) 0.42 kg/m.s œb) 0.85 kg/m.s  c)141kg/ms  d) 2.31 kg/m.s 
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